Objective: C-reactive protein and fibrinogen are established atherosclerotic cardiovascular disease risk factors. These acute-phase proteins and the proinflammatory cytokines tumor necrosis factor >, interleukin-6, and interleukin-1A may be elevated in obesity and with menopause. The purpose of this multicenter study was to identify whether centrally located fat and/or overall adiposity were related to these inflammatory markers in healthy postmenopausal women.
M enopause is a universal transition, marking an important stage in every woman's life, associated with decreased estrogen and increased folliclestimulating and luteinizing hormones. 1 Estrogen deficiency and increasing age are associated with body composition changes and hence an increased risk of metabolic syndrome that may lead to diseases such as atherosclerotic cardiovascular disease (CVD) and diabetes. Postmenopausal women typically experience untoward changes in body fat distribution that have garnered attention recently because they contribute to an increased risk of CVD.
Fat is typically distributed in two areas: the central or androidal region and the gluteal-femoral or gynoidal region. Estrogen promotes fat accumulation in the gluteal-femoral region 2 ; correspondingly, estrogen deficiency in postmenopausal women plays a role in increasing centrally deposited fat. 3 This increase in centrally located fat is associated with greater disease risk than overall body fat, including metabolic syndrome, nonYinsulin-dependent diabetes, 4 heart disease, 5, 6 and stroke. 7 The location or distribution of fat also plays a major role in determining morbidity risk associated with increased body fat. Evidence indicates that indices of abdominal obesity, such as waist-to-hip ratio 8 and waist circumference, 9 are better predictors of disease risk than body mass index (BMI) alone.
Adipose tissue is a complex and active secretory organ that both transmits and receives signals to modulate energy expenditure, appetite, endocrine and reproductive functions, insulin sensitivity, bone metabolism, inflammation, and immunity. 10 Due to a surfeit of energy intake or insufficient energy expenditure, excess lipid in adipose tissue and the liver accumulates with obesity, which in turn can trigger a chronic, subacute state of inflammation, causing changes in inflammatory cells and biochemical markers of inflammation. Obesity-induced inflammation may play a role in the development and progression of atherosclerotic CVD and type 2 diabetes.
Adipose tissue has been described as a metabolically active endocrine organ, releasing proteins such as leptin and adiponectin 11 ; cytokines such as tumor necrosis factor > (TNF->) 12 interleukin (IL)-6, 13 and interleukin-1A (IL-1A) 14 ; as well as acute-phase proteins, such as C-reactive protein (CRP) and fibrinogen. 15 Collectively, these hormones, cytokines, and acute-phase proteins (adipocytokines or adipokines) released from adipocytes, activated macrophages, and other immune cells produce TNF->, IL-6, and IL-1A, although the relative amount produced by each type of cell is unclear. 10 The inflammatory response that emerges with obesity seems to be triggered and to reside predominantly in adipose tissue, although other metabolically critical sites may also be involved. 16 A decline in ovarian function with menopause may also be associated with increases in proinflammatory cytokines. 17 The exact mechanisms by which estrogen interferes with cytokine activity are still unknown but may include interactions of the estrogen receptor with transcription factors, 18 modulation of nitric oxide activity, 19 antioxidant effects, 20 plasma membrane actions, 21 and changes in immune cell function. 22 Clinical studies have shown a strong link between increased proinflammatory cytokine activity and postmenopausal bone loss 23, 24 and atherosclerotic CVD. 25 The main purpose of this cross-sectional study was to identify whether centrally located fat and overall adiposity were related to inflammatory markers, specifically TNF->, IL-6, IL-1A, CRP, and fibrinogen, and to determine whether centrally located fat or overall adiposity was more closely related to each of these inflammatory markers in healthy postmenopausal women. Taking into account dietary intake and energy expenditure, we hypothesized that these cytokines and acutephase proteins would be higher with greater fat mass.
METHODS

Research design
We enrolled healthy postmenopausal women (45.8-65 .0 y of age) as part of a randomized, double-blind, placebocontrolled multicenter (Iowa State University [ISU] , Ames, IA, and University of California at Davis [UC-Davis], Davis, CA) National Institutes of HealthYfunded clinical trial. This ongoing parent study (Soy Isoflavones for Reducing Bone Loss [SIRBL]) was designed to examine the effect of two doses of isoflavones extracted from soybeans on bone loss during the course of 3 years in at-risk postmenopausal (eg, less than 10 y since their last menses) women. Eligible participants (nonosteoporotic, without diseases or conditions, not taking hormones or medications) were enrolled in the ongoing 5-year parent clinical trial starting in 2003. This ancillary project focused on overall and regional body composition using dual-energy x-ray absorptiometry (DXA) in which we report only baseline data for 242 women. We excluded 13 women at UC-Davis from this analysis because they did not meet the entry criteria (11 due to a thickened endometrium, 1 with breast cancer, and 1 without a blood sample at baseline).
Participant screening, selection, and characteristics
We recruited women throughout the state of Iowa and the Sacramento region in California primarily through direct mailing lists, stories in local newspapers, and local/regional radio advertisements, as well as other recruiting avenues. As part of the SIRBL trial, we screened women who responded (N = 5,255) to outreach materials initially via a telephone questionnaire to identify healthy women who went through a natural menopause (cessation of menses 9 mo to 10 y), were not experiencing excessive vasomotor symptoms, were 65 years of age or younger, were nonsmokers, and had a BMI (kg/m 2 ) ranging from 18.5 through 29.9 (inclusive) to exclude women at the extremes of adiposity. We excluded vegans and high alcohol consumers (more than seven servings per week) because alcohol interferes with isoflavone metabolism. The inclusion/exclusion criteria were established by the parent SIRBL project; thus, we also excluded women with current or previous diagnosis of diseases known to affect bone metabolism and/or those women who had a firstdegree relative with breast cancer based on a medical history questionnaire and blood chemistry profiles. We also excluded women who used medications long term, such as cholesterollowering and antihypertensive medications. Use of oral hormone or estrogen therapy, selective estrogen-receptor modulators, or other hormones within the past 12 months; use of estrogen or progestogen creams or calcitonin within the past 6 months; use of antibiotics within the past 3 months; and/or any previous use of bisphosphonates were grounds for exclusion.
Women who met the initial criteria via telephone (N = 677) attended a prebaseline appointment to determine eligibility for additional entry criteria. To determine eligibility, we measured height and weight to confirm BMI status and used DXA to assess bone mineral density (BMD) of the lumbar spine and left total proximal femur. Because the SIRBL project focused on prevention rather than treatment of disease, women with evidence of osteopenia or osteoporosis based on lumbar spine and/or proximal femur BMD (using 91.5 SDs below the young adult mean as cutoff) and women with evidence of previous or existing spinal fractures were excluded. We also excluded women with spine and/or femur BMD more than 1.0 SD above the mean. If a woman qualified based on her BMD, our phlebotomist drew blood for a chemistry profile. We excluded women if their fasted blood values indicated diabetes mellitus (fasting blood glucose 9126 mg/dL); abnormal renal (elevated creatinine), liver (elevated aspartate aminotransferase and alanine aminotransferase), and/or thyroid function (both abnormal thyroid-stimulating hormone and free thyroxine); or abnormal lipid profile (low-density lipoprotein cholesterol 9160 mg/dL, triglycerides 9200 mg/dL). For this ancillary project using DXA, we included 242 women who met our entry criteria ( Fig. 1) .
The study protocol, consent form, and participant-related materials were approved by the respective institutional review boards at ISU (ID# 02-199) and at UC-Davis (ID# 200210884-2). We obtained approval for the DXA procedures from each institution's institutional review board and appropriate safety boards. We obtained informed consent from all women at the start of prebaseline screening.
Data collection Questionnaires
At the prebaseline visit to ensure the health status of participants, trained interviewers administered three questionnaires: health and medical history, 26 reproductive history, 27 and nutrition history. 26 Women were asked to cease taking herbal therapies and/or nutritional/dietary supplements before baseline testing. At baseline testing, we assessed dietary intake using a semiquantitative food frequency questionnaire from Block Dietary Data Systems (Berkeley, CA). We assessed physical activity using the Paffenbarger physical activity recall 28 to obtain information about the previous year's activity, including walking, climbing stairs, sport/ recreational activity, and time spent engaged in activities ranging from light to heavy activity. Each reported recreational or work-related activity was summed using metabolic equivalents of 4, 6, or 8 for activities classified as light, moderate, or heavy, 29 respectively, to provide an estimate of weekly energy expenditure.
Body size and composition measurements
A trained anthropometrist measured standing and sitting heights (Model S100; Ayrton Corp., Prior Lake, MN), weight (Abco Health-o-meter; Bridgeview, IL), waist circumference, and sagittal abdominal diameter (Holtain-Kahn abdominal caliper; Crosswell, Crymych Dyfed, UK). Sagittal abdominal diameter, an index of centralized adiposity, was measured with women in the supine position (knees bent) at the narrowest section between the small of the back and the navel.
Body composition measurements using DXA (Delphi W; Hologic Inc., Waltham, MA) were approved by the State Department of Public Health in both Iowa and California. Matching instruments at each site and daily calibration ensured that the DXA instruments provided comparable results. One certified DXA operator at ISU and one at UC-Davis performed all DXA scans, with cross-training for DXA scanning between sites to ensure comparable quality control. Placement of the women for the scans was standardized and adhered to manufacturer's guidelines, with body composition assessed on each woman's whole-body scan by one DXA operator. We also assessed centralized adiposity from the whole-body DXA scans performed on each woman. One evaluator sectioned each whole-body DXA scan into waist, hip, and thigh regions based on bone landmarks, 30, 31 and these subregions were analyzed using special software (Discovery Version 12.3:7). The waist region included the first through the fourth lumbar vertebrae. The hip region began below the fourth lumbar vertebra and extended just above the greater trochanter of the femur. Last, the thigh region extended superiorly from the greater trochanter to the approximate midpoint between the top of the thigh region and the lateral condyle of the femur. The lateral edge of each region was extended distally to encompass all tissue. We estimated fat and lean mass within each of these three regions using the DXA data.
Laboratory measurements
Phlebotomists collected fasted (9 h) blood samples between 7:00 and 8:00 AM. We separated serum and plasma from whole blood by centrifuging for 15 minutes (4-C) at 1,000g and stored aliquots at j80-C until analyses. Blood samples were analyzed by certified clinical laboratories (LabCorp, Kansas City, KS, at the ISU site and the UC-Davis Medical Center Laboratory, Sacramento, CA at the UC-Davis site) for a complete blood count (CBC) with differential, general chemistry panel, and thyroid screen (thyroid-stimulating hormone with reflex to free thyroxine if thyroid-stimulating hormone was abnormal). TNF->, IL-6, and IL-1A concentrations were determined in serum with a high-sensitivity human cytokine (LINCOplex kit; LINCO Research, St. Charles, MO) using a BioPlex (Luminex 100; Bio-Rad Laboratories, Inc., Hercules, CA). Serum CRP concentration was determined in duplicate with a highsensitivity sandwich enzyme-linked immunosorbent assay kit (ALPCO Diagnostics, Salem, NH) using a microtiter plate reader (ELx808; Bio-Tek Instruments, Inc., Winooski, VT). Plasma (heparinized) fibrinogen concentration was determined in duplicate with a sandwich enzyme-linked immunosorbent assay kit (AssayPro; St. Charles, MO) using a microtiter plate reader (ELx808, Bio-Tek Instruments, Inc.). We used manufacturer-provided quality controls and inhouse quality control sera/plasma for calculating intra-and interassay coefficients of variation (CVs). The intra-assay CVs for TNF->, IL-6, IL-1A, CRP, and fibrinogen were 5.8%, 6.0%, 14.5%, 3.7%, and 2.7%, respectively. The interassay CVs for TNF->, IL-6, IL-1A, CRP, and fibrinogen were 6.0%, 3.6%, 5.4%, 6.0%, and 2.3%, respectively.
Statistical analyses
Statistical analyses were performed using SAS (version 9.1, Cary, NC) 32 with results considered statistically significant at P e 0.05. Descriptive statistics included means for normally distributed data (age, body size, overall body composition measures, serum fibrinogen) and medians for data that were not normally distributed (years since menopause, regional body composition measures, dietary intake, energy expenditure; serum CRP, TNF->, IL-6, IL-1A; white blood cell count [WBC], lymphocyte count, and neutrophil count). To examine relationships between the outcomes of interest (CRP, fibrinogen, TNF->, IL-6, IL-1A) versus the independent variables, we used Spearman's Q correlation analyses because the majority of outcome variables were not normally distributed. These variables (CRP, TNF->, IL-6, IL-1A) were log-transformed before the regression analysis because they did not follow a normal distribution, causing a violation of assumptions. Classes of variables in modeling the outcomes included all independent variables that were biologically plausible and/or significantly related using the Spearman's Q correlation coefficient analysis. We used stepwise regression analyses to assess the combined contribution of independent variables to CRP, fibrinogen, TNF->, IL-6, and IL-1A. Classes of variables in modeling each of these five outcomes included age or years since menopause, overall body composition (fat mass and lean mass), indices of centralized fat mass (waist circumference, sagittal abdominal diameter, waist fat mass, hip fat mass, or androidal fat mass), likelihood of concomitant infection (WBC, lymphocyte count, or neutrophil count), energy expenditure, energy intakeYrelated factors (total energy, total fat, saturated fatty acids, or trans fatty acids), and dietary fiber. In modeling each outcome, we removed variables that exhibited multicollinearity as indicated by the variance inflation factor. The variance inflation factor measures the impact of collinearity among the independent variables in a regression model and the degree to which multicollinearity degrades the precision estimate. A value exceeding 10 is typically of concern, but in weaker regression models, a value exceeding 2.5 may be cause for concern. 32 All models included site as an obligatory variable to account for potential study site differences.
RESULTS
Participant characteristics
The baseline characteristics of the studied women are presented in Table 1 . At baseline, women ranged from 45.9 to 65.5 years of age and from 0.8 to 10.0 years since menopause. The majority of women were white, although the ISU site enrolled one African American and one woman of more than one race, whereas the UC-Davis site enrolled two African Americans, one Native Hawaiian, one Native American, three Asians, six women of more than one race, two of unknown race, and two who chose not to report race. Women had a wide range (17.8-32.7 kg/m 2 ) of BMI values, with half having a BMI less than 25.0 kg/m 2 ; the UC-Davis site enrolled nine women beyond our BMI inclusion criteria. Overall and regional body composition as assessed by DXA ( Table 1) indicated wide variability among these women, particularly in the regional and overall body fat measures. The median values for dietary intake of nutrients are listed in Table 2 , with the minimal and maximal values also illustrating wide variability. Values for circulating analytes are presented in Table 3 , demonstrating that median (or mean) values were within the range reported in the literature. However, 65 women had low (G4.5 but 92.3 Â 10 9 /L) and none of the women had an elevated WBC; by including the WBC of all participants (N = 237) in the regression analyses, we accounted for this variability in inflammatory markers. Four (1.7%) women had nondetectable values for IL-6 and 50 (20.6%) women had nondetectable values for IL-1A. We replaced these nondetectable values with 0.01 pg/mL (lowest detectable value was 0.03 for IL-6 and 0.01 for IL-1A) to retain all data (nonmissing) in the regression models subsequent to log transformation for regression analysis.
Correlation analyses
Spearman's Q correlation analysis (Table 4 ) indicated a positive correlation between CRP and fibrinogen (r = 0.29, P G 0.0001), but not between CRP or fibrinogen and TNF->, IL-6, or IL-1A. However, positive correlations were noted between TNF-> and IL-6 (r = 0.20, P = 0.002), TNF-> and IL-1A (r = 0.26, P G 0.0001), and IL-6 and IL-1A (r = 0.26, P G 0.0001). These data indicated that the acute-phase proteins were related to each other, but not to the cytokines, whereas the cytokines were also related to each other.
Regression analyses
We performed regression analyses to examine independent factors contributing to the variability in CRP, fibrinogen, TNF->, IL-6, and IL-1A as our primary outcomes of interest, log-transforming all but fibrinogen. No notable multicollinearities emerged among the independent variables, as indicated by the low variance inflation factors in all regression models (Table 5 ). Residual analyses indicated that the model assumptions of normality of error terms and homogeneity of residual variance were satisfied for the final regression models. Although geographic site did not reach significance in the CRP, TNF->, IL-6, and IL-1A models, we retained site to account for potential site differences. After variable elimination was completed, multiple regression analyses revealed that 36% of the variability in CRP (F = 32.40, P G 0.0001) was accounted for by androidal fat mass (16.1%), WBC (5.6%), and age (2.3%). Regression analyses revealed that 30% of the variability in fibrinogen (F = 24.54, P G 0.0001) was accounted for by WBC (3.1%) and hip fat mass (2.2%). Years since menopause contributed negatively to fibrinogen (P = 0.082); however, site (16.6%) was a significant contributor. Regression analyses revealed that 4.5% of the variability in TNF-> (F = 3.60, P = 0.014) was accounted for by age and lymphocyte count, but these variables were not statistically significant (P G 0.10). The IL-6 and IL-1A multiple regression models were poor (not shown), as indicated by their F statistic and P values, explaining approximately 3% of the variability in each of these cytokines (data not shown). Regression analyses revealed that 2.7% of the variability in IL-6 (F = 3.25, P = 0.040) and 3.2% of the variability in IL-1A (F = 3.89, P = 0.022) was accounted for by dietary fiber (1.9%, P = 0.032 and 3.0%, P = 0.0069, respectively).
DISCUSSION
Postmenopausal women experience a decrease in estrogen and change in body composition that may contribute to the risk of developing atherosclerotic CVD, diabetes, and/or stroke. 1 Age, increased adiposity 17 associated with menopause, and the increase in circulating analytes, such as CRP, fibrinogen, TNF->, IL-6, and IL-1A, may also play a role in increasing disease risk. A few published studies 17, 33, 34 have been designed to examine the relationship between CRP, fibrinogen, TNF->, IL-6, and/or IL-1A with respect to regional body composition in healthy postmenopausal women. However, the DXA-derived centralized fat mass is advantageous because it is specific for fat and encompasses both internal and external fat. This report focuses solely on baseline data, with one measurement per variable per woman, and is thus a cross-sectional snapshot of the inflammatory markers in relation to centralized body fat.
Although these women were deemed healthy (not known to be in an inflammatory state), as evidenced by average cytokine and acute-phase protein values (Table 3) , some women exhibited high concentrations of these markers. For example, 39% of women had CRP above 1.5 mg/L 35 and 24% had fibrinogen above the 4.3 mg/mL 36 cutoff values. Less than 1% had TNF-> above 15.0 pg/mL, 37 whereas 41% had IL-6 above 12.5 pg/mL 37 and 10% had IL-1A above the 5.0 pg/mL 38 cutoff values. Our findings are corroborated by the literature indicating that menopause is associated with increased proinflammatory markers, 17 particularly IL-6. 39 However, the ranges reported in the literature, except for CRP listed in Table 3 , are for adults in general and not specifically for postmenopausal women, perhaps explaining why some of our participants did not fall within these ranges. Similar to previous findings, 40 we confirmed a relationship between CRP and fibrinogen, as well as between the cytokines. However, contrary to previous findings, 15, 33 we did not demonstrate a relationship between the acute-phase proteins and cytokines.
Androidal or hip (predominant component of androidal) fat mass was the key component related to CRP or fibrinogen, respectively, although correlation analysis revealed associations between whole-body fat mass and CRP (r = 0.50, P G 0.0001) and fibrinogen (r = 0.19, P = 0.0024). Once we accounted for fat mass, lean mass (total or regional) did not contribute to either CRP or fibrinogen, suggesting that fat mass is more closely related than lean mass to these proinflammatory markers. Our results are consistent with those of Manns et al, 34 who demonstrated in healthy postmenopausal women (N = 133) that higher CRP was associated with higher BMI, larger waist circumference (988 cm), and greater centralized fat mass, the latter explaining 35% of the variance in serum CRP. Similarly, Because C-reactive protein and tumor necrosis factor > did not follow a normal distribution causing a violation of the assumptions for regression analysis, these variables were log-transformed before the regression analysis. b n = 237 for the C-reactive protein and fibrinogen models because five women were missing complete blood count values.
c Squared semipartial type II correlation coefficient, accounts for shared variance among variables. Measures the impact of collinearity among the independent variables in a regression equation and the degree to which multicollinearity degrades the precision estimate. f n = 232 for the tumor necrosis factor > model because eight women from University of California, Davis were missing the differential analysis (lymphocyte cell count) that accompanies complete blood count and two women from Iowa State University were missing complete blood count at baseline. circulating fibrinogen has been reported 33, 41 to be positively associated with body fat percentage, BMI, waist circumference, and subcutaneous fat in postmenopausal women.
Because CRP and fibrinogen are inflammatory markers, it made sense to account for potential concomitant infection by including WBC, lymphocyte count, or neutrophil count as a contributing factor. Infection has been shown to play a role in elevating CRP and fibrinogen, as indicated by Kritchevsky et al, 40 who found a positive correlation (P G 0.001) between WBC and CRP and fibrinogen. Yet, few of our women reported having an infection at baseline, as corroborated by the WBC and lymphocyte and neutrophil counts that were within the normal range 42 for the majority of women (low values were noted in 65, 8, and 11 women, respectively). We did not anticipate that WBC would contribute so strongly to CRP and fibrinogen, yet WBC explained slightly more of the variability in CRP and fibrinogen than either lymphocytes or neutrophils. Being overweight or obese has been shown to increase WBC, 43 which may explain why WBC was a significant contributor to CRP and fibrinogen in these women, who ranged from lean to modestly overweight. Only 11% of women had a waist circumference greater than 88 cm, but androidal fat mass was positively related (r = 0.29, P G 0.001) to WBC, suggesting that centralized adiposity was coincident with an overall inflammatory state.
Geographic site was significant only in the fibrinogen model, corroborated using a t test to indicate that women at the UC-Davis site had a significantly lower mean fibrinogen concentration than those at the ISU site. Although we do not have a definitive explanation for this disparity, this may have been due to climate differences between the two sites. Northern California is warmer during a far greater proportion of the year than central Iowa. A large (N = 9,377) crosssectional study 44 examining the effect of seasonal fluctuation in fibrinogen reported a 12% greater value in January compared with August, with consistently lower fibrinogen values during the warmer months. This is consistent with the fact that more than half of the women at ISU underwent baseline testing during the colder months (fall through winter 2003). In contrast, a greater proportion of women at UC-Davis underwent baseline testing during the spring than at ISU. Rudnicka et al 44 did not find any effect of delay in sample processing on fibrinogen values, but they reported significant diurnal differences. However, our samples were collected in the morning in the fasted state; thus, this could not account for the site difference.
Although the contributors to TNF-> (age, lymphocyte count, site) were not statistically significant (remained in the model at P G 0.10), these factors were similar (with the exception of centralized body fat) to those related to CRP and fibrinogen. The vast majority of these women were not considered obese based on BMI, but some nevertheless had excess centrally located fat based on waist circumference, suggesting that TNF-> might have been related to androidal fat mass. However, this was not the case, perhaps because only six women had elevated TNF->. Roubenoff et al 45 also demonstrated that age was not related to TNF->, but that IL-6 increased with age. Manns et al 34 noted that serum CRP was positively (P = 0.047) associated with age. Likewise, age or years since menopause contributed to CRP and fibrinogen, respectively, although only age was statistically significant. Also, Pearson et al 46 demonstrated associations between fibrinogen and age, menopause, obesity, and inflammation. Further, we verified a link between centralized obesity and age with these two acute-phase proteins, both of which are considered good predictors of atherosclerotic CVD risk. 15, 46 Interestingly, age was related to waist circumference (r = 0.15, P = 0.019), but age was not related (using Spearman Q correlation analysis) to other indices of central adiposity in these women. However, time since menopause, a reflection of estrogen deficiency after menopause, was related to androidal fat mass (r = 0.15, P = 0.017), hip fat mass (r = 0.15, P = 0.021), waist circumference (r = 0.19, P = 0.0037), and sagittal diameter (r = 0.19, P = 0.0028). This suggests that in these women lack of estrogen may have been more important than age per se in relation to androidal fat mass. Nevertheless, because this is a cross-sectional study, we cannot determine cause and effect.
The regression models for both IL-6 and IL-1A were extremely weak. Obesity has been associated with elevated IL-6, 47 but we did not demonstrate this in our women. Adipocytes produce as much as 30% of total circulating IL-6, 15 with higher amounts produced in abdominal visceral versus subcutaneous fat. 13, 48 Many of our women had excess centrally located fat, but our results indicated no link between centralized adiposity and TNF->, IL-6, or IL-1A. Yet, DXA does not distinguish between visceral and subcutaneous fat. Intriguingly, we noted that all 100 women with elevated IL-6 also had androidal fat mass above the median. Circulating IL-1A is relatively low compared with TNF-> or IL-6. This may be because a large amount of immature or proIL-1A remains intracellular, never maturing into the typically measured form of IL-1A, binding to large proteins and the IL-1 receptor, 49 making it difficult to detect in circulation.
It is important to note that the postmenopausal women included in our study were selectively chosen because they were Bdisease free[ and the majority was nonobese. This may have contributed to the lack of association between overall fat/centrally located fat and TNF->, IL-6, or IL-1A. Elevated concentrations of these analytes in a large group of unhealthy and/or obese women may have shown stronger associations with fat mass indices. However, the median value for each analyte fell within the reference range for adults, although some women had values higher than the reference range, as discussed previously. Nonetheless, despite the inclusion of healthy women to comprise a homogeneous sample, we evidently had sufficient variability in adiposity to demonstrate a strong relationship between androidal fat mass versus CRP and fibrinogen. These women were likely representative of healthy postmenopausal women, but not necessarily of all postmenopausal women; thus, we cannot generalize our results to all women.
CONCLUSION
Regression analyses indicated that androidal fat mass and hip fat mass, respectively, contributed to CRP and fibrinogen, but these analyses did not indicate an association between the whole-body or regional fat measures and the cytokines. Although this study describes relationships among crosssectional rather than longitudinal data and thus does not indicate causality, centralized adiposity was strongly related to CRP and fibrinogen but showed no relationship to cytokines. This may suggest that, in healthy postmenopausal women, acute-phase proteins may be used as earlier indicators of CVD risk than inflammatory cytokines. Decreasing centralized body fat may in turn decrease a variety of inflammatory markers, thereby potentially reducing CVD risk. Further study is warranted to determine the responsiveness of these acute-phase proteins and cytokines to loss of body fat (particularly centralized fat) through exercise and dietary intervention in postmenopausal women.
